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This paiier docnimeiits an assemblage of late Pleistoeene invertelirates 
oeeurring as a basal fossiliferous lens on the (b'eseent City platform, an 
emergent wave-cut terrace on the northern California coast near the Oregon 
border. This is the only recorded late J^leistoeene invertebrate fauna in 
northern California north of the San Francisco Bay district, although ex- 
tensive areas of similar and jirobably contemporaneous wave-cut terraces 
occur along the coast between (h-escent City and San Francisco. Fossils were 
collected from a sea cliff exposure west of Crescent City which is located near 
the southern edge of a broad marine terrace extending nearly thirty-five 
miles along the coast from the mouth of Smith Fiver to a point south of 
Crescent City. The Crescent City fauna lived in a moderately shallow-water, 
nearshore-shelf environment of both rocky and sand-covered bottom. Sub- 
sequent redistrilnition and mixing by current or wave action brought to- 
gether an assemlilage of diverse ecological types. Composition of the as- 
semblage, princiiially mollusks, indicates marine water temperatures not 
ap])i*eciably different from conditions offshore from Crescent City today. 
Study of topographic maps and the sailing chart of the area suggests that 
the fauna lived on or adjacent to a prominent northwesterly trending off- 
shore reef which extended some seven or eight miles in a northwesterly 
direction from the late Pleistoeene coastline. 
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Oilier (1902) published an early account of Pleistocene terraces de- 
veloped near Crescent City, in which coinincnts by AV. IT. Dali concerning 
the sti*atigraphy and i)aleontology of Pliocene and Pleistocene deposits 
were presented. However, first mention of Pleistocene fossils from this 
area was made by Maxson (1933), who designated deposits capping the 
Crescent City platform as the Battery formation. ^laxson did not describe 
or list the fauna, but did compare it with the upper San Pedro of southern 
California. Subse(iuently Back (1957), in a paper on the water resources 
of the Smith Biver plain (= Crescent City platform), noted the occurrence 
of four invertebrates from the Battery formation which were identified by 
Dr. Leo G. llertlein. 

A reconnaissance of sea-cliff exposures of the Crescent City platform 
and overlying deposits from Battei-y Point at Crescent City, northwest- 
ward some three and one-half miles to Point St. George, was made in No- 
vember, 1958. The terrace platform was traced northwestward along the 
coast to a point where it passes l)cneath beach and sand dune cover near 
the north end of Point St. George. Fossils listed in table 1 were collected 
from a fossiliferous lens in sea cliffs at Crescent City. Although burrowing 
pelecypods, possibly Zirfaea, have made characteristic pockets in the ter- 
race platform in several areas, no additional fossiliferous deposits were lo- 
eated in tlie Battery formation. However, in a subsurface study of the 
Battery formation made from records of wells drilled to this important 
local acqiiifer. Back (1957) states that fossil material has been recovered 
from basal gravels in at least one water well. 

The terrace platform is eroded into rock of Mesozoic and Pliocene age. 
Mesozoic rocks consist principally of grey, massive, well-indurated sand- 
stone with some pebble conglomerate. They have been identified as the 
Dothan formation of Jurassic age (Maxson, 1933). The Pliocene Point St. 
George formation is a light-grey, fossiliferous claystone containing abundant 
valves of Macoma nasuta, in the vicinity of Point St. George both forma- 
tions strike northwesterly and dip toward the northeast. Dips measured in 
the Pliocene beds range from 12 to 20 degrees and are considerably more 
gentle than in the underlying Jurassic sandstone. Variation in elevation 
of the wave-cut terrace surface along sea cliffs west of Crescent City is 
largely a function of underlying rock type. On either end of Point St. 
George, which is formed of well-indurated ^Icsozoic sandstone, there is a 
lowering in elevation of the terrace surface where it crosses onto less re- 
sistant Pliocene claystone. Locally, this can amount to a change in elevation 
from around 50 feet to an average of about 20 to 25 feet. This slope has a 
definite northeasterly direction. It continues under the Smitli Biver plain 
according to data from water wells and a seismic refraction survey in the 
area (Back, 1957). This inshore, northeasterly slope of the terrace platform 
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and tlie soiitliwesterly slope of the ocean floor from the neai-shore zone of 
1 ‘oeks and sea stacks, sn‘»‘^est that during late Pleistocene time the area 
fi’om Battery Point to Point St. Ueorge was an offshore reef. The reef a])- 
pai*ently extended several miles in a northwesterly dirc^ction from the late 
Pleistocene shore and may liave measured up to a mile in width. Inspec- 
tion of tojmgraphic maps suggests that the maximum shoreline angle of the 
late Pleistocene sea which eroded the (h*escent City ])latfor]ii was between 
80 and 120 feet with i*eferencc to present sea level. A ])ortion of the highest 
reaches of this wave-eut terrace and the associated shoreline angle is pre- 
served on Castle Rock located 8,000 feet offshore fi'om the southern tip of 
Point St. Ceorge. This rock must have been partially emergent in late 
Pleistocene time, yet it was at least six miles from the shore line. Because 
the shoreline angle along the inner edge of the Smith River plain occurs 
rather uniformly at the same elevation, the ap])arent northeasterly slope 
of the terrace suid'ace suggested by local data in the (h*escent City area 
does not appeal' to be evidence of tilting or defoi-mation of the terrace sur- 
face. Rather, it is a function of rock ty])e and I'elative ])osition from the 
shoreline angle. 

The Battery formation is composed iirincipally of grey, limonitic- 
stained sand with a basal gravel bed. In sea cliffs near the western edge of 
Crescent City, a basal boulder bed is developed above the beveled surface 
of Ju lassie sandstone. Some yellow-grey sandy elay was observed in ex- 
posures in this area. The Battery formation is eap])ed everywhere by a 
few feet of dark-brown soil. Scattered shell debris noted in terrace deposits 
at Battery lh>int near the foot of Gth Street was not suitable for collecting 
purposes. The assemblage listed in table 1 is from a sea cliff exposure on a 
small point near the west limits of Crescent City. This locality ap])ears to 
be the same as that from which Back (1957) collected four different mol- 
luscs. The fossils occui' in a lens or ]>ocket of yellow-gi*ey, gravelly, cal- 
careous sand beneath a large sandstone boulder measuring nearly four feet 
in diameter. ]\Iost of the fossil material was badly broken and showed 
signs of considerable abrasion. The larger fi'agments and few whole speci- 
mens were fragile and extremely difficult to collect. A hundred feet or so 
west of this locality the terrace surface is channeled into an outcrop of 
dark grey to black shale. In this ai'ca, large fragile specimens of Schizothae- 
rus capax were particularly abundant. 

Along the boundary of the Coast Guard reservation on Point St. George, 
large shell mounds or kitchen middens were noted. Princi])al invertebrate 
constituents of the mounds were, in order of abundance, Mytilus California 
anus, Protothaca staminca, Balanus sp., and TeguJa funchralis. Other forms 
observed were Ilinnites multirngosus, Thais lima, Thais lamelJosa, Dcn- 
draster sp., Acjnaea mitra, Acmaca sp., and various bones. 
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Table 1, Fossil invertebrates from the upper Pleistocene Battery formation at 
Crescent City, California. 



Pelecypoda 

Macoma nasuta (Conrad) 
Macoma irus (Hanley) 

Mytilus California nus Conrad 
Protothaca ruderata (Desliayes) 
Protothaca staminea (Conrad) 
Saxidomns gicjanteus (Desliayes) 
Schizothaerus capax (Gould) 
Zirfaca pilshryi Lowe 



Gastropoda 

Acmaea persona Eschscholtz 
Lepeta concentrica (Middendoif ) 
Margaritesf sp. 

Odostoviia sp. 

Thais lamellosa (Gmelin) 

Ciiripedia 

Balanus cf. B. nubilis Darwin 
Foraniinifera 

several unidentified species 



This assemblage is dominated ])v large, thiek-sbelled ])eleeypods such as 
Sa.ridom us (jiganteus, >:<ch izothaerus capax ^ and Protothaca. The fossiliferoiis 
lens, viewed in relationship to the basal gravels of the Battery formation in 
this area, unquestionably repi*esents an assemblage brought together and 
modified by current or wave action. Its preseiwation as an isolated fossilif- 
erous dejiosit within essentially bari*en outcrops of the Battery formation 
seems to be a direct result of the sheltered location in a pocket beneath a 
large boulder. Because of indications of considerable transportation, such 
as the badly fragmented and abraded condition of the shells, the apparently 
dominant thick-shelled pelecyiiods may not be truly representative of the 
fauna which existed at this locality dui'ing late Pleistocene time. They do 
reju'esent a sand-bottom association which ju'obably was developed upon a 
relatively smooth siil)strate of Point St. George claystone, a large area of 
which adjoins the fossil locality to the northwest. Invertebrates which 
characteristically inhabit areas of rocky ocean bottom along the open coast 
ai*e i‘epresented by jicmaea persona, l\[ijtilus calif ornia nus, }Largaritesf sp., 
Lepeta concentrica, and Balanus cf. B. nubilis. It is probable that the two 
ecological groups lived in close ])i‘oximity, the rocky bottom foi*ms living 
on the reef and the i)elecypod association on a relatively flat sandy bottom 
adjoining the reef. This condition ap})ears to be repeated today offshore 
from Ci‘escent Gity. Water depth in the ai*ea during late Pleistocene time 
was no greater than about 80 feet judging fi‘om the a])parent difference of 
elevation between the teri*ace i)latform and the shoreline angle. 

Analysis of late Iheistocene water temperatures i-equii*es a relatively 
large number of species in order to be reliable. However, from the general 
asi)ect of the small association from the Battery formation it a])pears that 
marine water temperatures during the late Pleistocene were not significantly 
different from those occurring offshore today. With the exception of one 
gastropod, Lepeta concentrica, all species have geograi)hic ranges along the 
Ihicific Chiist of Xoi'th America which include the Gi*escent Gity area. The 
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extra-limital species, aeeordiiio’ to Burch (1945), ranges as far south as tlie 
Puget Sound area in Washington, a few hundi*ed miles to the north. It 
seems doubtful to the writer that this can be construed to indicate cooler 
water temperatures during the late Pleistocene than at present for two 
reasons. Fii*st, temperature data pi’esented by Kicketts and Calvin (1948), 
show that the waters of Puget Sound, a vast protected inland body of 
marine water, are not significantly cooler than waters offshore from Crescent 
City in spite of the higher latitude. In fact, the noi'thern California and 
Oregon coast is a well known area of seasonal upwelling of cold water which 
creates a strong anomaly in the northerly thermal gradient along the Pa- 
cific Coast. Second, thei*e is the possibility that collecting has not been 
ade(piate to conclusively establish the southern endpoint of range of this 
gastropod. 

The Crescent (hty fauna is the only recorded occurrence of marine 
late l^leistocene invei*tebrates between the San Francisco distinct (Arnold, 
1903, Dickerson, 1922, Weaver, 1949, Johnson, 1962) and (ktpe Blanco in 
southern Oregon (Diller, 1903 and ^lartin, 1916). An identified fauna of 
more than 40 invei'tebrate species from the late IMeistocene terrace deposits 
at Cape Blanco ( Addicott, in press), is similar in aspect to the fauna from 
the Battery formation at Cre.scent City, ffowever, extensive ('ollections from 
Tomales Bay, located 30 miles north of San Francisco, rc^present a protected 
coast environment with an eleinent of warm water mollusks. S])ecies com- 
pilsing this eleirn'iit are restricted geographically to areas south of Point 
Conce])tion today. Although there ai*e many areas between the San Fi*ancisco 
district and Crescent City in which elevated marine tei*races are well de- 
veloped (Higgins, 1961), no marine fossils have been i*e])orted from them. 
There are, however, many indications of mollusk borings in the surfaces of 
wave-cut terrace platforms along the Sonoma County coast in noi’thern Ckili- 
fornia (Bauer, 1952). This is an anomalous condition with reference to the 
wides])rcad, abundantly fossiliferous mantle of contemporaneous marine 
terraces along the southern Califoi*nia and Baja California coast desci’ibed 
by Valentine ( 1961 ) and others. It also differs from shallow-water conditions 
offshore from the local area today, judging from the commonly occurring 
shells along northern California lieaches cast up by heavy .surf and storm 
waves. The probable explanation is that modification and redistribution of 
originally fossiliferous deposits by wave or current action was so extreme 
as to destroy most obvious traces of fossils or to concentrate them in local 
areas which are concealed beneath nonmarine deposits covering these 
terraces. 

The age assignment of late Pleistocene for the Battery formation is 
based upon the modei’n aspect of the fossil assemblage, the apparent ab- 
sence of defoi*mation, and compai'ison with similar and probably contem- 
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poraiieous eiuer‘»ent wave-cut terraces aloii^* the Pacific Coast from Mexico 
to Canada wliicli locally, at least, can be demonstrated to be post lower 
Ifieistocene. 



Locality I )ks('rii*tion 

Exposure in sea cliff 600 feet west of the intersection of ^Vlodoe Street 
and Airport Drive at the western limits of (h'escent (fity, Del Norte County, 
California (NW. quarter of the NE. quarter, section 30, T. 16 N., R. 1 W., 
Humboldt Base and ^Teridian, Crescent City (iuadrant»le). Lens of fossilif- 
erous sand overlying truncated surface of grey weathering, hard Mesozoic 
sandstone approximately 22 feet above sea level. Collected November, 
1958, by the author. 
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